Objectives: The Behavioral Pain Scale (BPS) and Critical-Care Pain Observation Tool (CPOT) are behavioral pain assessment tools for sedated and unconscious critically ill patients. The aim of this study was to compare the reliability, internal consistency, and discriminant validation of the BPS and the CPOT simultaneously in mechanically ventilated patients after cardiac surgery. Design: A prospective, observational cohort study. Setting: A 20-bed closed-format intensive care unit with mixed medical, surgical, and cardiac surgery patients in a teaching hospital in Amsterdam, The Netherlands. Participants: The study comprised 72 consecutive intubated and mechanically ventilated patients after cardiac surgery who were not able to selfreport pain. Measurements and Main Results: Two nurses assessed the BPS and CPOT simultaneously and independently at the following 4 moments: rest, a nonpainful procedure (oral care), rest, and a painful procedure (turning). Both scores showed a significant increase of 2 points between rest and turning. The median BPS score of nurse 1 showed a significant increase of 1 point between rest and the nonpainful procedure (oral care), whereas both median CPOT scores did not change. The interrater reliability of the BPS and CPOT showed fair-to-good agreement of 0.74 overall. During the periods of rest 1 and rest 2, values ranged from 0.24 to 0.46. Cronbach's alpha values for the BPS were 0.62 (nurse 1) and 0.59 (nurse 2) compared with 0.65 and 0.58, respectively, for the CPOT. Conclusions: The BPS and CPOT are reliable and valid pain assessment tools in a daily clinical setting. However, the discriminant validation of both scores seems less satisfactory in sedated or agitated patients and this topic requires further investigation.
Postcardiac surgery patients in the ICU are prone to experience procedural pain due to chest tubes and wounds. Recent research demonstrated an association between cardiac surgery and the development of chronic postsurgical pain. 5 Because of these adverse effects of pain, clinical practice guidelines recommend individualized, goal-directed pain management for ICU patients and routine monitoring of pain with a validated scale appropriate for the patient's level of consciousness.
1,2 A patient's self-report of pain is acknowledged as the gold standard in the assessment of pain. 7 However, selfassessment of pain in ICU patients often is hampered due to mechanical ventilation, treatment with sedatives and analgesics, or a decreased level of consciousness caused by severe illness or delirium. In these nonverbal critically ill patients, pain can be monitored with behavioral pain assessment tools such as the Behavioral Pain Scale (BPS) and Critical-Care Pain Observation Tool (CPOT). 1, 2, [8] [9] [10] [11] [12] Psychometric properties of the BPS and CPOT have been tested and reviewed previously; however, due to inclusion of a small number of nonverbal patients, only limited information was available about critically ill patients after cardiac surgery who were unable to rate their pain. 8, 9, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] This specific group of patients most likely differs from general ICU patients because they are postanesthesia and underwent specific surgical procedures. Surgical ICU patients indicate the surgical site as the most painful location during rest, whereas medical patients most likely indicate pain in their limbs and back. 27 In addition, there are no studies available to date comparing the BPS and CPOT simultaneously measured exclusively in postcardiac surgery, mechanically-ventilated patients without communication capabilities in a daily clinical setting.
The authors aimed, in this study, to compare the interrater reliability, internal consistency, and discriminant validation of the BPS and the CPOT in mechanically ventilated patients unable to self-report pain after cardiac surgery.
Methods
A prospective, observational cohort study with a repeatedmeasurements design was conducted. In this design, the patients were their own comparison. The setting was a 20-bed, closed-format ICU with mixed medical, surgical, and cardiac surgery patients in a teaching hospital in Amsterdam, The Netherlands. The local medical ethical committee approved the study and waived the requirement for written, informed consent because of its observational design, according to Dutch and European regulations.
ICU nurses screened all patients after admission for eligibility using a digital screening log. Mechanically ventilated patients after cardiac surgery who were (1) Z 18 years old, (2) unable to self-report pain, (3) expected to stay in the ICU Z12 hours, and (4) able to physically respond to stimuli were included in the study. Patients who were unable to be repositioned or were paralyzed or quadriplegic due to their medical condition and/or treatment and patients who participated in the study during an earlier admission to the authors' ICU were excluded.
Assessments of Pain, Sedation/Agitation, and Delirium
The BPS is a validated observational pain scale for unconscious mechanically ventilated patients and is based on the sum score concerning the following 3 behavioral items: facial expression, movements of the upper limbs, and compliance with ventilation. Each item is scored from 1 (no response) to 4 (full response). The total BPS score ranges from 3 (no pain) to 12 (maximal pain) (see the Appendix for a complete description of the items). The selection of items was established from a literature review and a questionnaire among ICU nurses. The psychometric properties of the BPS have been tested in various subsets of critically ill patients (ie, medical, postoperative, and trauma). 9 The CPOT is a validated observational pain scale for the assessment of pain in both intubated and nonintubated critically ill adult patients incapable of self-reporting their pain. The scale is constructed from literature review, retrospective reviews of common pain characteristics in patients' medical files, and consultation with ICU nurses and physicians. The CPOT is based on the sum of the following 4 behavioral items: facial expression, body movements, muscle tension, and compliance with ventilation for intubated patients (or vocalization for patients without an endotracheal tube). Each item was scored between 0 and 2, and the total CPOT score ranged from 0 (no pain) to 8 (maximal pain) [10] [11] [12] (see the Appendix for a complete description of the items).
The Richmond Agitation and Sedation Scale (RASS) was performed 6 times daily to assess the level of agitation and sedation. The RASS ranges from þ 4 (combative) to -5 (unresponsive); a score of zero indicates an alert and calm state. 28 The presence of delirium was assessed routinely 3 times daily by the bedside nurses and the attending intensive care physician using the Confusion Assessment Method for the ICU. 29 The RASS and Confusion Assessment Method for the ICU have been part of the routine care since 2006 and nurses have been trained frequently in the use of these tools.
Data Collection
Clinical characteristics and demographic data were extracted from the patient clinical information system (CIS) (Metavison; iMDsoft, Needham, MA) and included the Sequential Organ Failure Assessment score, the Acute Physiology and Chronic Health Evaluation IV predicted mortality, and the administration of analgesics and sedatives in the 4 hours preceding the pain assessments.
Intraoperative and Postoperative Treatment
All patients received general anesthesia, which was tailored to the specific condition of each patient. The anesthesia protocol was based on analgesia, hypnosis, amnesia, skeletal muscle relaxation, and inhibition of sensory and autonomic reflexes. This balanced anesthesia protocol has a focus on the reduction of stress by the administration of a relatively high dose of opioids.
Cardioprotective interventions followed the local protocol and were individualized for each patient. Patients were treated with antegrade or retrograde cold blood cardioplegia or crystalloid cardioplegia, which was delivered intermittently or continuously. Rectal temperature off bypass had to be 4361C before transfer to the ICU. Intraoperative medication was administrated by continuous infusion and/or intermittent bolus administration and always was discontinued before the patient was transferred to the ICU.
In the ICU, patients were permitted to be awake, unless this interfered with their ICU treatment. The attending physician, who was present around the clock, prescribed analgesics and/or sedatives titrated to the patient's needs. In awake patients, the level of pain was assessed with a numeric rating scale, and, if necessary, patients either received morphine as a continuous infusion (in combination with midazolam for sedation) or a bolus injection of piritramide 2.5-to-5 mg intravenously. Piritramide is a synthetic opioid analgesic with a strength approximately 0.7 times that of morphine. 30 Intravenous fentanyl was used for short surgical interventions in the ICU. Pain in patients unable to self-report pain was not assessed systematically and reported until the start of this study. 31 
Study Procedures
The bedside ICU nurses screened all patients for eligibility within the first hour after cardiac surgery. The timing of the study procedures was adjusted to the patient's treatment schedule and had to be performed in one day between 4 PM and 10 PM. Inclusion was only allowed when patients were able to physically respond to stimuli and unable to rate their pain. The bedside nurse and an ICU nurse colleague assessed the BPS and CPOT simultaneously but independently of each other at the following 4 predefined moments: (1) at rest just before a nonpainful procedure, (2) during the nonpainful procedure, (3) at rest just before a painful procedure, and (4) during the painful procedure. The first assessment always was the BPS. These procedures were selected based on a literature review, which was discussed during an expert group meeting among ICU nurses, an intensivist/anesthesiologist, and a clinical epidemiologist. Oral care was chosen as a nonpainful procedure and turning of the patient (repositioning) as a painful procedure. 4, 32 The pairs of assessing nurses were composed of the nurse in charge of the patient and a second available nurse. As a consequence, the combination of nurses could differ during the 4 procedures. The nurses were instructed to wait for a minimum of 20 minutes after turning or other painful procedures such as tracheal suctioning before performing the assessments of the following procedure. The nurses recorded the pain scores immediately after the assessments in a separate study form.
Training of the Nursing Staff
The study team, consisting of ICU nurses, an intensivist/ anesthesiologist, a clinical epidemiologist, and a qualified English language translator, provided a custom-made BPS and CPOT course for the complete nursing staff during the routine ICU training days. Training material consisted of a PowerPoint (Microsoft, Redmond, WA) presentation, paper versions of the BPS and CPOT, training posters, and an instruction video. 33 This was followed by weekly training sessions to become familiar with the study procedures and scores. In addition, an instruction card was made available in all patient rooms. A trial run was performed on 66 patients to minimize the possible bias of a learning curve and to provide bedside teaching of the study procedures.
Data Analysis
Data were analyzed with SPSS, Version 20.0 (IBM Corp, Armonk, NY) according to a prospectively defined analysis plan. Interrater reliability of the BPS and CPOT was examined using calculation of intraclass correlation coefficients (ICC) for all assessments (2-way random absolute). 34 ICC values between 0.21-to-0.40 are considered as fair agreement, 0.41-to-0.60 as moderate, 0.61-to-0.80 as substantial, and 40.80 as almost perfect. 35 Internal consistency was examined with Cronbach's coefficient alpha, using the scores during turning when the patient was most likely to be experiencing pain. Values between 0.70 and 0.80 are considered as acceptable and values 40.80 as good. 36 In addition, the Item-Total Statistics was assessed to see whether the value increased by deleting a domain.
The discriminant validation was assessed by calculating within-patient differences in pain scores between the procedures (rest 1 v oral care and rest 2 v turning) using the Friedman test. To determine which pairs of differences between mean ranks were significant, and thus the likely source of a significant Friedman test, a post-hoc analysis with the Wilcoxon signed rank test was performed. 37 To gain insight into the pain scores during different levels of sedation and agitation, scores were divided into the following 3 subgroups-sedated: RASS -5, -4, -3; calm: RASS -2, -1, 0; and agitated: RASS Z þ 1-according to the RASS at the measurement (rest) just before the procedures (oral care and turning).
Only patients with complete scores were included in the analysis. The authors hypothesized that the BPS and CPOT scores should increase significantly during the painful procedure and remain similar during the nonpainful procedure compared with rest. The alpha was adjusted to 0.01 because multiple comparisons were made on the same patients.
A sample size of 68 patients with 2 observations per patient achieves 90% power to detect an intraclass correlation of 0.95 under the alternative hypothesis when the intraclass correlation under the null hypothesis is 0.90 using an F-test, with a significance level of 0.05. [38] [39] [40] The authors therefore aimed to include 68 patients with complete assessments performed by 2 nurses.
Results
Over the 4-month study period, 276 patients were admitted to the ICU after cardiothoracic surgery, 251 patients were screened, and 207 patients were eligible for inclusion. The data of 72 patients (35% of the patients meeting the inclusion criteria) were complete and used for the analysis of the psychometric proportions of the BPS and CPOT (Fig 1) . Reasons for incomplete data were as follows: extubation, transfer to the ward, postsurgical complications, or excessive workload of the nurses. Patients included in the analysis were significantly older (70.0 7 12.0 v 65. 5 The first assessments were performed 223 (148-311) minutes after admission. All assessments were completed within 198 (95-384) minutes from the start of the first assessment. The median Glasgow Coma Scale and RASS did not significantly differ between rest and the procedures (oral care and turning). Approximately 36% of the patients received analgesics (morphine and piritramide) and/or sedatives (oxazepam, midazolam, diazepam, and haloperidol) in the 4-hour ICU period before the assessments, of which piritramide and diazepam were given to the majority of these patients. No patients received epidural analgesia using bupivacaine or opioids 1 and 4 hours before the assessments in the ICU. Two patients were treated with a continuous infusion of morphine combined with midazolam. All baseline characteristics are presented in Table 1 .
Reliability
The interrater reliability of the BPS and CPOT was recorded for all analyzed patients, with a total of 1,152 assessments (72 patients Â 2 raters Â 4 different times Â 2 scales). The ICCs of the BPS and CPOT for all assessments showed a fair-to-good agreement. The ICC values of the BPS and CPOT (both 544 measurements) were equal: 0.74 (95% confidence interval 0.68-0.79), p ¼ 0.001. During rest, the ICC values of both pain scores were lower than those during the procedures (Table 2 ).
Cronbach's alpha values for the BPS of both nurses during turning were 0.62 (nurse 1) and 0.59 (nurse 2). The values of Cronbach's alpha for the CPOT of nurse 1 and nurse 2 were 0.65 and 0.58, respectively. Exclusion of a domain did not result in higher values. 
Discriminant Validation
The median BPS and CPOT scores of both nurses increased significantly, by 2 points, from rest 2 to the painful procedure (turning). The median BPS score between rest 1 and the nonpainful procedure (oral care) of nurse 1 showed a significant increase of a half point, whereas the median BPS score of nurse 2 and the CPOT scores of both nurses remained unchanged: BPS nurse 1, 3.0 [3.0-3.0] to 3.5 [3.0-5.0]; p ¼ 0.001 (Table 3 ). This increase during oral care was caused mainly by higher scores in the domains facial expression and movements of the upper limbs. The highest BPS scores were 9 during turning (5 times) and rest (once). The highest CPOT score was 6 during turning.
The BPS and CPOT in the subgroup of 38 calm patients (RASS -2, -1, 0) did not show an increase from rest 1 to oral care. The BPS and CPOT of both nurses between rest 2 and turning increased significantly by 1.5 (CPOT nurse 2) and 2 points (BPS, both nurses, and CPOT, nurse 1).
In a subgroup of 30 sedated patients (RASS -5, -4, -3), the median BPS scores of both nurses and the median CPOT score of nurse 1 increased significantly by 1 point from rest 1 to oral Table 2 Interrater Reliability RASS category of moment rest 1. care. Between rest 2 and turning, the BPS and CPOT showed significant increases of 2 points (nurse 1) and 2.5 points (nurse 2). The subgroup of 4 agitated patients (RASS Z þ1) was too small to show significant differences between the measurements (Table 3) .
Discussion
Both pain assessment tools demonstrated a substantial interrater reliability for all assessments. The internal consistency during a painful procedure (turning) was poor to questionable. Discriminant validation was demonstrated by a significant increase in pain scores during turning.
This was the first prospective cohort study to simultaneously assess the reliability and discriminant validation of the BPS 9 and CPOT 8,10-12 in intubated, mechanically ventilated patients after cardiac surgery who were unable to self-report pain in a daily clinical setting. Although the BPS and CPOT in this study showed a substantial interrater reliability for all assessments, it was lower than that of numerous previous studies. 8, 14, 15, 17, 18, 22, 23, 25, 41, 42 This partially could be the result of considerably lower ICC values during rest (fair-to-moderate) compared with the procedures (moderate-to-almost perfect), which was contrary to several previous studies. 8, 10, [21] [22] [23] 26, 43 ICC values are assumed to be susceptible to between-subject variability, and a lack of subject variability can cause incorrect low ICC values. 34, 44 A minority of the validation studies have assessed only patients after cardiac surgery, which likely were more homogenous populations in terms of diagnosis, age, severity of illness, pain and level of sedation, and analgesia than that of a general ICU population or a mixed medical/ surgical population. 10, 12, 13, 16, 21 A lack of variability in pain scores during rest also could be the result of postsurgical pain. Patients might have been afraid to move, which could have resulted in fewer movements and, as a consequence, lower pain scores during rest. The opposite also could have occurred; due to residual analgesia, patients could have been sedated enough to not experience pain during rest. 45 Interrater reliability also could be lower because the nurses had to assess the BPS and CPOT simultaneously, which is more demanding. An additional reason may be the large number of nurses in the ICU, resulting in less experience with the assessments. Furthermore, the pairs of nurses differed in the study; only the bedside nurse was part of the assessment team consistently. In a majority of the studies with a higher interrater reliability, either one of the investigators or physicians participated in the assessments, or the number of assessing nurses was smaller. 9, 10, 14, 15, 17, 18, 25, 41, 42 Pain assessment by a large group of nurses is, however, a reflection of real-life intensive care.
The values of Cronbach's alpha for both scores were o0.70, which indicated that the correlation between the behavioral domains was insufficient to be considered reliable to measure a single construct (pain). 36 Values for Cronbach's alpha in previous studies assessing the reliability of the CPOT were between 0.31 and 0.81. 17, 22, 23, 31 Cronbach's alpha in studies assessing the BPS ranged from 0.63 to 0.77. 14, 15, 19, 26, 42 Although the coefficients in previous studies generally were higher, these values should be interpreted with caution. Several studies did not calculate Cronbach's alpha for the sample size but used all paired assessments, which potentially led to higher coefficient values. 15, 17, 46 Furthermore, Cronbach's alpha is affected by the number of items and will be higher when a questionnaire is composed of more items. 36 Finally, a Cronbach's alpha calculated for item response options less than 7 points will be an underestimation; therefore, in such cases, a different approach for calculating the internal consistency would be beneficial. 47 The results of the discriminant validation during painful procedures in the total sample were consistent with previous studies. However, the BPS of nurse 1 showed a significant increase of half a point during the presumed nonpainful procedure in the total sample.
In a subgroup of sedated patients (RASS -5, -4, -3), the BPS scores of both nurses and the CPOT score of nurse 2 increased significantly, by 1 point, during the nonpainful procedure. Four studies assessed the BPS during a nonpainful procedure, 9, 13, 26, 31 and 2 of these also showed a significant increase of the BPS during the nonpainful procedure. 9 Several previous studies assessed the CPOT during a nonpainful procedure in unconscious patients, and none of these showed a similar increase. 8, 16, 18, 20, 22, 23, 21 Only 2 of these studies presented the CPOT scores during different levels of sedation and agitation. 8, 31 A possible explanation could be that nurses have more difficulty assessing pain in patients with higher levels of sedation, thus obscuring response to painful stimuli.
The BPS showed more significant increases during the nonpainful procedure than did the CPOT. A reflex to stress rather than to pain might be the cause of these increases. Coughing and straining also might be reflexes due to movement of the endotracheal tube during oral care. Another explanation could be the different number of options in the domains of the BPS and CPOT. The BPS has 4 options compared with the 3 options of the CPOT, which might be more difficult to rate. In addition, the BPS demands the assessment of ventilator waveforms and asynchrony, which could be difficult while observing the patient at the same time. 17 However, the increases during the nonpainful procedures did not reach the established cutoff scores for the presence of pain (BPS 4 4 and CPOT 4 2). 8, 11, 18, [22] [23] [24] 48 This finding needs further investigation because the cutoff for the BPS was established in only 1 study. 48 The median BPS and CPOT scores in the small and underpowered subgroup of agitated patients (RASS þ 1) generally were higher and increased during all procedures. Discriminating between behaviors as a result of agitation or pain might be difficult. This important issue requires further research because the incidence of delirium after cardiac surgery varied between 3% to 55% and the overall incidence in critically ill patients varied between 30% to 50%. 49 Finally, the patients in the study presented here received substantially less sedation and fewer analgesics than did patients in most previous studies. Because a restricted sedation policy was recommended in recent guidelines, it was to be expected that current and future critically ill patients will receive less sedation. 1 The development of behavioral pain assessment tools, determination of the psychometric properties of these tools, and the critical appraisal of research articles should take this development into account.
This study had a number of limitations. First, because the assessors were trained ICU nurses, they were aware of which procedure potentially was painful. Therefore, they might have observed more behavioral changes during turning, which could have resulted in higher scores and an inflation of the discriminant validation.
Second, the number of analyzed patients was relatively small compared with the initial number of included patients, and this could have induced selection bias. The short postoperative ICU stay of the study patients limited the period in which they could meet the inclusion criteria. This was reflected by the significantly longer ICU stay of the 72 analyzed patients compared with the 135 nonanalyzed patients.
Finally, the translated pain scores were not officially translated and validated before the start of the study. The study team, including a qualified English language translator, translated the short descriptions of both tools into Dutch in the authors' CIS, thus language misinterpretations might have occurred. However, the descriptions in both tools were short and clear and contained universally interpretable signs, so the authors believe it was unlikely that this limitation affected the results.
Conclusion
This study in mechanically ventilated patients after cardiac surgery, who were unable to self-report pain, showed that the BPS and CPOT were reliable and valid in a daily clinical setting. However, the discriminant validation of both scores seemed less satisfactory in sedated or agitated patients, and this topic requires further investigation.
